Summary Forty-two patients with clinical stage IIIA or IIIB breast cancer were treated with neoadjuvant chemotherapy followed by mastectomy and radiotherapy. The median follow-up was 32 months (range 10-72 months) and the median time to progression was 17 months (range 10-30 months). A multivariate analysis showed that a longer disease-free survival (DFS) was related to more chemotherapy cycles given (P = 0.003), a better pathological response to chemotherapy (P = 0.04) and fewer positive axillary lymph nodes (P = 0.05). A better overall survival (OS) was related to more chemotherapy cycles given (P = 0.03) and better pathological response to chemotherapy (P= 0.04). In patients with residual tumour after neoadjuvant chemotherapy, high levels of staining for Ki-67 was correlated with a worse DFS (P = 0.008). Other biological characteristics, including oestrogen receptor status, microvessel density (CD31 staining), P-glycoprotein (P-gp) staining and nuclear accumulation of p53, were not independent prognostic factors for either DFS or OS. If both P-gp and p53 were expressed, DFS and OS were worse in the uni-and multivariate analysis. The preliminary results of this phase 11 study suggest that coexpression of P-gp/p53 and a high level of staining for Ki-67 after chemotherapy are associated with a worse prognosis, and that prolonged neoadjuvant chemotherapy and the attainment of a pathological complete remission are important factors in determining outcome for patients with this disease.
Neoadjuvant chemotherapy followed by either radiotherapy, surgery or both has improved the prognosis in patients with locally advanced breast cancer (LABC) (Hortobagyi et al, 1994) . The many studies performed to date are, however, different in patient population studied, local therapy applied and chemotherapy scheme used. This makes it difficult to compare results and the optimal treatment scheme still has to be established. In stage I and II breast cancer, clinical and pathological variables have prognostic significance and are used as a guide for adjuvant therapies (Carter et al, 1989) . Biological characteristics such as nuclear accumulation of mutant p53, microvessel density (MVD) and tumour cell proliferation are being used increasingly to further refine our ability to predict the prognosis of patients with early breast cancer (Weidner et al, 1991; Isola et al, 1992; Allred et al, 1993 ; Railo et al, 1993; Gasparini et al, 1994a) . Recently, we reported that the expression of P-glycoprotein (P-gp), may be indicative of a worse prognosis in primary stage I-II breast cancer (Linn et al, 1995) . Much less is known regarding these prognostic factors in LABC. This paper reports the preliminary results of a prognostic factor analysis on a group of women treated with neoadjuvant chemotherapy for LABC, incorporating both traditional and more recently developed factors.
Patients with stage IHA and stage IIIB breast cancer according to the AJCC criteria (Beahrs et al, 1993) were enrolled into a study with neoadjuvant doxorubicin 90 mg m-2 and cyclophosphamide 1000 mg m-2 and GM-CSF 250 ,ug m-2 . As established in a previous dose-finding study, a dose reduction of 10% relative to the previous dose level was applied in cycles 2 and 4 in every patient (Hoekman et al, 1991) . Initially, it was the intention to give four to six cycles, dependent upon the rapidity of achieving a clinical complete or nearly complete remission, and the toxicity for the individual patient. When the study progressed and toxicity appeared tolerable, we aimed at the administration of six cycles whenever possible. This decision was based on the fact that gross residual tumour was often observed at pathological examination of the mastectomy specimens when fewer cycles were given. In 24 patients an incisional biopsy was performed for diagnosis. In 18 patients, referred from other hospitals, other diagnostic procedures were performed: a subclavicular biopsy in nine patients and a fine-needle aspiration in another nine patients (Honkoop et al, 1997) . All patients underwent mastectomy according to Madden with axillary dissection, followed by radiotherapy (4005 cGy in 15 fractions to the thoracic wall, the internal mammary nodes, the axilla and the supraclavicular fossa). No adjuvant chemotherapy or hormones were applied.
Processing of the histological material
The fresh mastectomy specimens or biopsies were processed using standard pathological techniques with fixation in 4% buffered al, 1990; Linn et al, 1995) was used, and a microwave antigen retrieval technique was applied (Shi et al, 1991) . Samples were considered positive for P-gp if 2 20% of tumour cells were stained (Schneider et al, 1989) and positive for p53 if at least 1% of tumour cell nuclei were stained with DO-7 (Thor et al, 1992) . Oestrogen receptor staining was performed on frozen sections according to the manufacturer's protocol. The histoscore was applied and the receptor was considered positive when the score was >100 (Bosman et al, 1992) . Microvessels were counted at 400 magnification using a 40x objective in one area (consisting of four fields, diameter 0.445 jm) with the highest MVD at low magnification ('hot spot') (Weidner et al, 1991 Tables 2 and 3 . For statistical analysis, grouping was performed using logical categories for the discrete variables. For continuous variables the cut-off was the median value (except for P-gp and p53 as mentioned above). Kaplan-Meier curves were plotted and differences analysed using the Mantel-Cox test. Pvalues below 0.05 were considered significant. Multivariate analysis of prognostic variables was performed using the Cox regression model with the limit to enter a variable in the analysis being set at P < 0.1. All tests were carried out with the Biomedical Package (BMDP, Statistical Solutions, Cork, Ireland).
RESULTS
The pretreatment characteristics of the patients are shown in the pretreatment factors only one variable appeared to predict either DFS and/or OS (co-expression of P-gp and p53, P = 0.006 for DFS and P = 0.003 for OS) and only two had a P-value < 0.1 for OS (age, P = 0.09; oestrogen receptor, P = 0.08). An analysis of postchemotherapy variables revealed that patients who had received more chemotherapy cycles (P = 0.0007), those with MRD (P = 0.03), co-expression of P-gp/p53 (P = 0.03), low Ki-67 staining (P = 0.03), and negative axillary lymph nodes (P = 0.05) had a more favourable DFS, whereas only the first three factors were predictive for a better 2 year OS (P = 0.009, P = 0.05 and P = 0.04 respectively). There was also a significant trend for better DFS (P = 0.02) and better OS (P = 0.04) in patients with fewer positive lymph nodes at pathological examination. There was no difference in DFS and OS for patients with PCR compared with patients who had MPR, and these two factors were, therefore, combined in the prognostic factor analysis.
Multivariate analysis
The Cox regression analysis revealed the number of chemotherapy cycles (P = 0.003), pathological response (P = 0.04), co-expression of P-gp and p53 pre-and post-chemotherapy (P = 0.04 and P = 0.05 respectively) and lymph node status at pathological examination (P = 0.05) to be independent prognostic factors for DFS, whereas only the first three variables were independent predictors for OS (P = 0.03, P = 0.04 and P = 0.04 respectively). When multivariate analysis was carried out with the actual number of positive lymph nodes at pathological examination, this was an independent prognostic factor for DFS as well as for OS. A multivariate analysis was carried out both with and without staining post chemotherapy and coexpression of P-gp/p53 post chemotherapy because these factors were only measurable in patients with residual disease after chemotherapy. When included in this analysis, Ki-67 staining post-chemotherapy (P = 0.008), coexpression of P-gp/p53 post-chemotherapy (P = 0.05) and the number of chemotherapy cycles proved to be the most discriminant prognostic factors for DFS but the former was not an independent prognostic factor for OS.
DISCUSSION
The aim of this study was to identify clinical and biological factors with prognostic significance for DFS and OS in patients with LABC treated with a multidisciplinary approach. The follow-up time is approaching 3 years, and the median time to progression is 17 months, so we believe that this is long enough to allow sufficient events to have occurred to make a preliminary analysis of putative prognostic factors valid. An important prognostic factor was the number of chemotherapy cycles administered. Because the groups of patients receiving different numbers of cycles were not randomized, these results should be interpreted with caution, but the differences in OS and DFS were highly significant and this at least suggests that the duration of chemotherapy is important. This underlines the need for further investigation of optimal treatment duration in this disease setting. The magnitude of pathological response, and the presence of involved axillary lymph nodes at pathological examination were also important prognostic factors. Earlier, Feldman and colleagues (1986) reported on the prognostic significance of pathological response after neoadjuvant chemotherapy in LABC patients, whereas others (McGready et al, 1989; Gardin et al, 1995) have stressed the importance of lymph node metastases after neoadjuvant chemotherapy in LABC patients. Certainly, the attainment of a pathological complete remission is an important measure of the efficacy of neoadjuvant chemotherapy, as attested by data from patients with osteosarcoma (Rosen et al, British Journal of Cancer (1998) 77(4), 621-626 I 1982) . Proliferation as measured by Ki-67 staining did not have prognostic significance in the pretreatment biopsies, which is in contrast to most studies in earlier breast cancer (Railo et al, 1993; Gasparini et al, 1994b) . Patients with a higher proliferation after chemotherapy as measured by Ki-67 staining had shorter DFS and OS. This may indicate that this primary tumour variable reflects the proliferative capacity of the micrometastases that ultimately determines the prognosis. Other biological variables such as nuclear accumulation of p53 (Isola et al, 1992; Allred et al, 1993; Gasparini et al, 1994a; Rosen et al 1995) , MVD (Weidner et al, 1991; Gasparini et al, 1994a) or P-gp staining (Linn et al, 1995) , which have been suggested to be of importance in stages I and II breast cancer, were not significant in this study (P-values all > 0.1). Riou et al (1993) studied the prognostic significance of nuclear accumulation of p53 in 24 patients with inflammatory breast cancer, and they observed a worse prognosis for patients with nuclear accumulation of p53. Earlier we have reported that co-expression of P-gp and p53 were indicative of a worse prognosis in LABC patients (Linn et al, 1996) , and this remained so in this slightly larger group of patients. Expression of one of these factors did not have prognostic significance. The failure of MVD to be of significance may well be related to the fact that these tumours are of a more advanced stage compared with stage I breast cancer.
In conclusion, biological markers such as p53, P-gp, MVD and Ki-67, determined in this small group of LABC patients treated with multidisciplinary therapy, did not seem to have the prognostic importance that they possess in early-stage breast cancer. The coexpression of P-gp and p53 was, however, predictive of a poor prognosis. It is possible that with a larger sample size significant differences might become apparent. It is, however, also possible that because of the advanced stage of these tumours micrometastases had already occurred in the majority, if not all, of these patients. In this situation, the outcome may well be determined by biological characteristics of tumour cells in the metastases and be less influenced by the characteristics of the primary tumour. Only with a larger series of patients would it be possible to resolve this question. Furthermore, it appears that attainment of a complete pathological response is of importance in this disease. The probability that this will occur might be enhanced by extending the duration of chemotherapy, as this was an important factor in this study.
Alternatively, regimens with greater efficacy in breast cancer, such as those containing taxanes, vinorelbine or dose intensification, would be worth exploring in this setting. A larger study with longer follow-up is needed to confirm these conclusions.
